Abstract-In this paper, a space-based manipulator system (SBMS) is researched. Although lots of work have been done about ground-based system for a long time, there are still exists a lot of problems for space-based manipulator because of the different dynamics modeling between them. A popular and interesting issue is coupled dynamics among the system. So, a special case, a SBMS with two manipulators symmetrically installed on a floating base, is modeled as the research object during whole work. Firstly, by establishing its kinematics and dynamics model, a general equation of motion is achieved. Then, a simulation test aiming at revealing the coupled phenomenon and how does the motion of manipulators impact on the floating base is conducted. The test results provide concrete proofs for our theoretical analysis.
I. INTRODUCTION
In recent decades, space exploration activities become more and more popular. Many space missions, such as capturing space debris, equipment replacement, on-orbit maintenance service, etc., need participation of spacemen or astronauts [1, 2] . However, severe space environment, including high vacuum, high temperature gradient, intense radiation and zero-gravity features, brings complex problems for practical tasks. Sometimes astronauts need to perform some extravehicular activities (EVA) [3, 4] aiming at some special space tasks . Fig. 1 (a) shows astronauts are repairing Hubble Space Telescope out of an capsule [5] . At this time, safety and dexterity of astronauts is a key issue during the whole works. In order to provide better protection for astronauts, a suit of full-order life-support system is necessary. But the cost is huge. To cut down the cost and improve work efficiency and precision during task execution, more and more researchers hold that robotic system should be used to assist or replace astronauts to complete all or part of missions. Fig. 1 (b) shows that a satellite is captured by Canadarm I installed on Space Shuttle Columbia [6] . Concept of SBMS emerges at the right moment.
While, being different from fixed-base manipulator system, there exist lots of fresh problems such as dynamics modeling and control, path-planning in SBMS [7] . Motion of manipulator joints will result in movement of the floating base, and, in return, that movement will affect positioning accuracy and efficiency. This kind of dynamical coupling phenomenon is the main reason which makes SBMS a complex system to model, analyze and control. So far, many researchers focus on trajectory tracking, path planning and vibration suppression based on multifarious control methods [8, 9] . But there is a limited amount of research being conducted specifically on the coupling dynamics for SBMS. As shown in Fig. 2 , a manipulator is installed on a floating base, which consists of a special SBMS case. manipulators ) [10] . Especially, coupling degree is much higher when both of them differ a little in geometric and inertial parameters. Then, before a SBMS is designed or developed, planners must have a profound understanding for the coupling dynamics among the systems.
In this paper, authors pay close attention to several issues as follows: (1) dynamic modeling of a special SBMS with recursive Newton-Euler (RNE) method; (2) discuss the coupling relationship between joint motion and positional derivation or pose variation of the base; (3) provide some simulation results to further prove the validity of works mentioned above.
II. DYNAMIC MODEL
For a common SBMS, it consists of a floating base and one or more manipulators which is installed on the base. In this paper, authors select a special case as study object, in which two 3-DOF manipulators are mounted symmetrically on a floating base. In order to better describe coupled dynamics relationship among SBMS, an explicit dynamical model need to be established, which provides a foundation for motion control, path planning and vibration suppression. Also, related coefficient matrixes (such as general inertial matrix and general Jacobian matrix) of a general equation obtained later are explicitly deduced. It is an indispensable work which is helpful for simulation test discussed in section III. b) Each joint is single DOF which is prismatic joint (represented by 'P') or revolute joint (represented by 'R'). For simplicity, all joints are considered as revolute in the following context.
c) The whole system is located in zero-gravity environment and free of general external forces.
d) It is considered as a rigid multibody system neglecting inner friction.
Let Link 0 represents the floating base. Then, number each link in turn from the base. It is notable that joint i connects body i-1 and body i, where 1, , , 6 i n n  .
A. Basic Kinematics
In this subsection, fundamental kinematic relationships between velocity of each link and that of the base are derived.
According to geometrical relationship shown in Fig i-1
Formula (1) can also be written as
where, k defines the number of manipulators and
Differentiating (1) or (2)with respect to time, use joint velocity to describe velocity of CM of each element:
At the same time, a relationship between angular velocity of each link and joint velocity is expressed with  . This is a main difference from ground-based system. In other words, the ground-based system can also be considered as a special case of space-based system when the value of parameters such as mass and other inertial parameters of the floating base are much larger than that of manipulators. This conclusion is easy obtained. Because if the assumption mentioned above is given, the first transform matrix J b approximate to zero.
B. General equation of motion
Kinetic energy of the system T is defined as a summation of linear and angular energy of all links and represented as 
where
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Consider SBMS discussed in this paper as a rigid multi-body system, whose system dynamics can be represented in the following form [11, 12] : According to assumptions mentioned above, formula (16) can be written as follows:
This is a general dynamical formula of SBMS interested in this paper. According to the discussion in section II, coupled dynamics relationship and the general dynamical formula are obtained. Just like equation (17), authors can conduct related simulation test based on those dynamical relationships.
III. SIMULATION TEST AND RESULTS ANALYSIS
In this section, Fig. 4 shows a simple example and gives its schematic illustration in which two same 3-links manipulators are symmetrically installed on a free floating base (body_0). Related inertial and geometrical parameters are listed in TABLE I.
It is worth noting that,  When the type of joint is revolute, it is expressed by 'R', or it is expressed by 'T'. Here, without loss of generality, authors define all as revolute joints.
 There is a body-linked reference frame on each body, whose origin i O is located at joint axis. Where the direction of joint axis is consistent with that of axis x of reference frame.
 The SBMS discussed in this subsection belongs to tree topology. Other cases is beyond our research scope.
 R, L and Ce, respectively, represent distance between CM and joint i, distance between CM and joint i+1 and that between CM and end-effectors. The main focus in this subsection is to show the coupled phenomenon between the floating base and two manipulators (which includes displacement, velocity variation, acceleration variation, Force etc.) during a deployment operation of the two manipulators. In the initial state, define all the joint angle 0 i   . In the other word, two manipulator are stretched out. Then, joint angles are controlled according to a given law shown in Fig. 6 and reach to a desired ones. During this process, some simulation results are obtained. Fig. 7 and Fig. 8 describe displacement and RPY angles variation of the base respectively. The base is disturbed by forces and torques from two manipulators during the stretched operation, depicted in Fig. 10 and Fig. 11 .
From the results shown above, it is obvious that there exists high degree of coupling between the base and the manipulators, especially when the size of related geometrical and inertial parameters of both differ a little.
IV. CONCLUSION
In this paper, a special SBMS with two 3-DOF manipulators installed symmetrically on a floating base is researched. Firstly, its kinematic and dynamic model are established and finally a general equation of motion is obtained. Different from the work of others, related general inertial mass of system is deduced. Then, based on previous work prepared in subsection II, a simulation test is conducted. Results indicate that motion of manipulators disturb the statues of the base. And the disturbance cannot be ignored. In other words, the results of simulation test prove that there exists a severe dynamical coupled phenomenon. Finally, research efforts done in this paper will be helpful for future works such as decoupled dynamics, motion control and path planning.
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